This paper aims to provide a non-technical explanation of the concept of trade in value added, with particular reference to East Asia. The trade in value added approach allows us to redefine the relationship between countries of origin and destination in international trade, and thereby addresses an important issue of measuring international trade in the face of growing production sharing among different countries. In contrast to the orthodox concept of trade balances based on foreign trade statistics, it focuses on the value added contents of a traded product, and considers each country's contribution to the value added generation in a production process.
INTRODUCTION
The Institute of Developing Economies (IDE-JETRO) and the World Trade Organization (WTO) conducted joint research on the topic of global value chains and published a report of the collaboration in June 2011 (WTO and IDE-JETRO 2011) . The research introduced the concept of "trade in value added", which addresses an important issue of measuring international trade in the face of growing production sharing among different countries. The trade in value added approach gives the ability to redefine the relationship between countries of origin and destination in international trade. In contrast to the orthodox concept of trade balances based on foreign trade statistics, it focuses on the value added contents of a traded product, and considers each country's contribution to the value added generation in a production process. This paper aims to provide a non-technical explanation of the concept of trade in value added, with particular reference to East Asia. The basic motivation for focusing on East Asia stems from the general observation that the region has successfully fostered very sophisticated production networks across countries, and came to form what Richard Baldwin called "factory Asia" (Baldwin 2007 ). An increasing number of segments in the production process were rapidly and extensively relocated to different places in different countries within the region, yet what really characterizes the production system of East Asia is the diversity and complementarity of its constituent countries, where each country specializes in a different stage of a production process according to its own comparative advantage. Such a vertical structure of production sharing among countries is highly relevant in considering the significance of the trade in value added approach. This paper illustrates the basic idea behind the concept of trade in value added by referring to the example of Apple's iPhone production networks. In Section 3, the literature review traces the development of relevant studies and argues for the importance of the dataset called international input-output tables in measuring trade in value added. Section 4 introduces input-output analysis and the basic feature of Asian international input-output tables that are used in identifying the vertical structure of the production system in East Asia (Section 5), and in analytical examples of the trade in value added approach (Section 6). Section 7 concludes with policy implications and future prospects of the study. Figure 1 shows the international value distribution of an iPhone. It presents the value that accrued to the companies in various countries that participated in the production networks of iPhones. Out of $500, which was the retail price of the iPhone in 2009, the United States (US) received $331 as a payback. Japan, Germany, and other major industrialized economies received $162 in total, and the People's Republic of China (PRC), which was the largest producer and exporter of iPhones, received only $7. Why does this happen? Every component of an iPhone is produced by different production technologies, and hence has different market values. Flash memories and touch screens, for example, are the products of Toshiba, so the Japanese contribution to one iPhone is known to be around $61 (Table 1) . It is not surprising to see that market values differ depending on the types of components, but such a value-gap can also emerge among the "tasks" in the production process. Suppose the production of an iPhone involves eight production stages: product design, research and development (R&D), materials procurement, parts procurement, assembly distribution, marketing, and customer services.
WHAT IS MEASURED BY TRADE IN VALUE ADDED?
Also suppose that the tasks are carried out in different countries through offshoring. Here, if the production stages are aligned along the horizontal axis from the upstream to the downstream process, and if the vertical axis is taken for the amount of value added generated by each production stage, then the functional graph will be drawn as in Figure 2 . Usually, it is at both the peripheral sides along the task spectrum where the companies receive the higher values: such as product designs, R&D, marketing and customer support-most of them accrue to developed economies. On top of this, the highest values are captured, of course, by the lead firm, that is, Apple. In contrast, the tasks in the middle range tend to require unskilled labor, and thus have lower value added, particularly the assembly stage which dominantly takes place in the PRC. Because of this shape, the diagram is called a "smile curve", and it is the relative position of the countries along the smile curve that determines the international distribution of value added. These observations pose a fundamental question to the way international trade is measured. iPhones are produced in the PRC and exported to the US, the main consumption market. Yet what the PRC producers do is indeed a very simple task of assembling parts and components, and hence the amount that they receive for the work is minimal. On the other hand, the iPhones exported from the PRC are finished products, with values of around $180. This means that the current trade statistics that only concern the physical transfer of goods and services from an immediate trading partner, record the value of the PRC export that has no relevance to the real picture of manufacturers in the PRC.
Such an unwarranted nature of trade statistics has brought on the chronic issue that is faced today-the trade imbalance between the PRC and the US (Figure 3 ). The significant part of the value embodied in the PRC's exports has its origin in other countries, the implication of which is that the PRC's trade surplus, or the US trade deficit, is significantly overestimated based on the current measurement, as compared to the alternative method of measuring trade in terms of value-added. 
LITERATURE REVIEW
The value added approach to international trade is neither new nor surprising. It has been widely discussed at venues like the World Trade Organization (WTO). In practice, however, the idea was hardly realized due to the lack of an appropriate methodology or database.
The conventional approach to tracing cross-border value chains can be found in the studies that use firms' micro-level data. As seen in the case of the iPhone, the approach generally aims to identify the structure of the production process and/or the sales networks of a particular product, based on the information provided by manufacturers.
The pioneering work of this kind includes Dedrick, Kraemer, and Linden (2008) .
1
Xing and Detert (2010) probe the issue of US-PRC trade imbalances. Their research results on the iPhone's production network are presented below. In 2009, it was known that iPhones were not sold in the PRC, which implies that the PRC's exports of iPhones to the US is equivalent to the US trade deficit of the product in relation to the PRC. The study shows that the US deficit of $1.9 billion for iPhone trade is reduced to $73 million if viewed in terms of value added, and broken down to the deficits with other countries such as Japan and Germany, the core parts suppliers (Figure 4 ). On this ground, both authors question the efficacy of exchange rate adjustment of the yuan for the purpose of trade rebalancing.
They conducted an analysis of the value added structure of four representative products: Apple's iPod and video iPod, a laptop PC of Hewlett Packard, and one of Lenovo, utilizing the information from business reports. The study reveals, for example, that in 2006 a video iPod with a retail price of $299 is associated with a cost of $80 for profit and/or operating surplus of the lead firm (Apple), $144 as the ex-factory price (before distribution margins) of the product, and $3.86 for the product assembly in the PRC. The original motivation of the study was to investigate how firms benefit from technological innovation through production sharing, but it came to elucidate a separate, and even more alarming, question about the validity of conventional trade statistics.
Figure 4: US Trade Balance of iPhones, 2009
Source: WTO and IDE-JETRO (2011).
These "firm-level" approaches are useful in drawing the actual structure of supply chains since they utilize the data directly provided by individual firms rather than resorting to any forms of statistical inference. The weakness, however, is also apparent in its flipside.
Firstly, their applicability is limited in considering macroeconomic issues like trade policy, since the analytical focus is cast only to a particular product and/or activity of a few firms. It is far from being sufficient to capture the entire value flows at the national context. Second, as pointed out by Dedrick, Kraemer, and Linden (2008) , the majority of firmlevel data does not explicitly present "compensation of employees", an important component of value added items in the national account framework, but merges it with other types of production costs. The value added analysis based on a firm's microdata, therefore, is bound to be an approximation by the information on a firm's operating surplus (profit).
Finally, since values are generated at every point of the production process, the value added analysis should be able to trace all the production stages along the entire supply chain. The firm-level approach, however, only considers the value added structure of direct input suppliers (the first tier), but leaves all the rest of the value added stream untracked. Toshiba's hard-disk drives or Broadcom's multimedia processors contain various sub-parts produced in different countries, and thereby require further decomposition and investigation of the value added sources.
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Given these limitations of the conventional approach, increasing attention is directed to a new strand of studies that use statistical tables called international input-output tables (IIOTs). An IIOT provides a comprehensive mapping of international transactions of goods and services. This massive dataset combines national input-output tables of various countries at a given point of time. Since the tables contain information on supply-use relations between industries across countries, which is totally absent in conventional trade statistics, it is possible to identify the vertical structure of international production sharing. Unlike the firm-level approach, the input-output analysis covers an entire set of industries that comprises an economic system, and thereby enables the capture of cross-border value flows at the level of a country or a region. Theoretically, it has the capacity to track the value added generation process of every commodity in every country at every production stage.
The studies on trade in value added using input-output tables became increasingly visible in the last decade, yet its origin can be traced back even to the beginning of the century, when Hummels, Ishii, and Yi (2001) introduced the concept of vertical specialization (VS). The VS metric is defined as the "amount of imported intermediate inputs used for the production of an exported good", or put differently, the import contents of exports presented as a measurement of international production sharing.
The idea was brought into the value added context by the study of Chen et al. (2004) that for the first time investigated the statistical distortion of ignoring the presence of processing trade in measuring international trade in terms of value added. Here, the long-debated issue of US-PRC trade imbalances, as referred to in the iPhone example, was fully considered in the value-added perspective. The approach was further developed and methodologically formalized in Koopman, Wang, and Wei (2008) , in which separate input-output matrices for export processing sectors were estimated for the tables of the PRC and Mexico, where processing trade is most prevalent.
2 Monge-Arino (2011) presents a rare research example that successfully overcomes these analytical limitations. By conducting an extensive survey on the supply-use relations of leading companies in Costa Rica, the study identifies the value-added structure of the country's core economic system. Though insightful, it is however difficult to envisage the approach being applied to other countries, since its feasibility is fundamentally attributable to the idiosyncratic feature of Costa Rica that a few number of multinational corporations (such as Intel) are assumed to "sufficiently represent" the national economy.
While the empirical exercises of these seminal works rely on individual countries' national input-output tables, Daudin, Rifflart, and Schweisguth (2006) rallied the database of the Global Trade Analysis Project (GTAP) and constructed multi-regional input-output tables of 70 countries and composite regions for the calculation of domestic value added contents of export, alongside the indices of vertical specialization and regionalization. This was followed by the Johnson and Noguera (2009) study that calculated the ratio of value added exports to gross exports (VAX ratio) as a metric of international production sharing, again using the GTAP database. In this study, the impact of production sharing on the scale of bilateral trade balances was extensively discussed with respect to myriads of countries and regions, not to mention US-PRC trade relations.
One of the latest developments is the Koopman et al. (2010) study that devised a full decomposition method of export value into various sources of value added, and presented a complete picture of the "anatomy" of the value added generation process. In this work, various preceding methods of measuring value added trade are systematically integrated into a single scheme of estimation formulae.
In the next section, the basic feature of an input-output table is presented, with an extension to the international version.
DATA
The input-output table is a map of an economy, which compactly depicts all the flows of goods and services for a given period of time (usually one year) using recorded transaction values between industries. Its image is like a piece of textile woven from warps and woofs. In the input-output framework, warps represent demand sectors of goods and services while woofs are supply sectors, and the intersection gives the value of transactions made between these two industries. Figure 5 shows a schematic image of an input-output table with three industrial sectors: agriculture and mining, manufacturing, and services. In particular, the intermediate transaction segment provides a core apparatus of the input-output analysis. In the modern production system, goods and services are processed through progressive commitment of various industries, in which a product of one industry is used as an intermediate input of others, and this is neatly given by the intermediate transaction matrix of an input-output table. The strength of an inputoutput table, and what makes it special, is indeed its information of production linkages that are derived from supply-use relations between industries.
Suppose that there is an increase in the demand for cars by ¥10 billion (Figure 6 ). The output expansion of cars brings about the secondary repercussion on the production of other products. It increases the demand for car parts and accessories such as chassis, engines, front glass, and tires. The increase in production of these goods, however, further induces the demand for, and hence the supply of, their sub-parts and materials: steel, paint, rubber, and so on. At each production stage, value is generated, which can be captured by an input-output table throughout the entire supply chain.
In today's globalized world, such production propagation often crosses national borders. An increase in the output of Japanese cars increases the demand for tires made in the Republic of Korea, which further increases import demand in the country for rubber made in Malaysia. Value is transferred across borders, embodied in traded products. So, the issues in the international context have to be considered.
Figure 6: Image of Production Propagation and Value Added Generation (Car Industry)
Source: Drawn by the author.
The Asian international input-output table (AIOT) constructed by IDE-JETRO is an international version of an input-output table. It covers ten economies: Indonesia (I), Malaysia (M), the Philippines (P), Singapore (S), Thailand (T), the PRC (C), Taipei,China (N), Republic of Korea (K), Japan (J), and the US (U), for the reference years of 1985, 1990, 1995, 2000, and 2005 . Industrial sector classification is 76 sectors for the most detailed nomenclatures. Figure 7 presents its schematic image. Each cell of A** represents transactions among 76 industrial sectors, namely, it is a square matrix of 76 dimensions. The table is valued at the producer price, except for the import matrices from Hong Kong, China; the European Union (EU); and the rest of the world, which are valued at cost, insurance, and freight (CIF). 
THE PRODUCTION SYSTEM OF EAST ASIA
As stated at the beginning of this paper, the production system in East Asia, or "factory Asia", is highly characterized by its vertical structure of production sharing and fine division of labor among constituent countries, which makes the region an ideal analytical target for the study of trade in value added. In brevity, the structure is reduced to the form of a triangular product flow as such that:
(i) East Asian economies other than the PRC supply intermediate products to the PRC.
(ii) The PRC assembles them into final consumption goods.
(iii) The final goods are exported to big markets like the United States and the EU.
That is, the competitiveness of the PRC exports is not only attributable to its cheap labor force, but also stems from the high value added intermediate products that it receives from other East Asian countries, as embedded in goods labeled "made in China".
Given this, what follows shall identify the above-mentioned vertical structure of production sharing in East Asia since, as shown in the iPhone example, the relative position of the countries along a "smile curve" is what determines the international distribution of value added.
How do we evaluate a country's relative position? The approach is simple. If the country's overall supply chains toward final products are found to be longer than those toward primary products, then it can be said that the country operates in a relatively upstream position (Figure 8 ).
Figure 8: How to Position Countries in Regional Supply Chains
Then, how are the lengths of supply chains measured? For this end, the following analysis employs the input-output model of average propagation length, or APL, developed in Dietzenbacher, Romero, and Bosma (2005) . As an illustrative example, consider the hypothetical supply chains in Figure 9 . In order to measure the length of the supply chains between Industry A and Industry E, the number of production stages of every branch of the supply chain should be looked at: the top branch has a 2-step path, the second branch has a 4-step path, the third has a 3-step path, and so forth. Also, the relative importance of each path can be calculated by the information from the input-output tables, as given at the end of each branch (in percentages).
Figure 9: Calculation of Average Propagation Length
In this example, the APL between Industry A and Industry E is derived as:
APL EA = 1 x 0% + 2 x 50% + 3 x 30% + 4 x (10+10)% + 5 x 0% + … = 2.7.
That is, the APL is formulated as a weighted average of the number of production stages from one industry to another, using the relative importance of each path as a weight. The APL can be measured both in forward-looking and backward-looking directions in the production process, so the relative position of a country in a regional production system can be identified by comparing the lengths between the two, as shown in Figure 8 . On the other hand, if the figure along the northwest-southeast diagonal is looked at, it draws the relative position of each economy within the regional supply chains, as determined by the ratio of forward and backward APL. Japan and the US, the most developed economies in the region, are located in the upstream position, though the US moved downwards during the period and swapped its position with the Republic of Korea. The PRC stays in the downstream segment of the regional supply chains, which reflects the country's dominant position as a "final assembler" of the regional products. The other economies more or less remain in the middle range spectrum, though the notable change is that Taipei,China moved up into the middle cluster and Thailand went downstream to a large extent. This change clearly reflects the development of the roles of these two economies in the region. Taipei,China significantly increased its electronics manufacturing service and became a major parts supplier to big computer multinationals, while Thailand invited and accommodated the massive inflow of Japanese car assembly plants, and later received the name of the "Asian Detroit".
Looking at the figure along the northeast-southwest diagonal, it presents the average length of supply chains that each country participates in. It is observed that most economies have increased the length of supply chains from 1985 to 2005 (with exceptions of the US and Taipei,China). Among the ten economies in the region, the PRC demonstrates outstanding length of supply chains. It is considered that interlinking of its domestic supply chains with overseas production networks was accelerated by the country's accession to the WTO in 2001, as suggested by the big leap of value from 1985 to 2005. Figure 11 maps the previous diagram into a one-dimensional schematization of the relative position of countries within the regional supply chains. From 1985 to 2000, upstream economies were more or less clustered, while the PRC and Thailand became downstream standalones. Bipolarization between parts suppliers and final assemblers can be observed during this period. As such, "factory Asia" demonstrates a high degree of vertical division of labor among member countries, where the role of each country is clearly reflected in its relative position within the regional production system. 
ANALYTICAL EXAMPLES OF THE TRADE IN VALUE ADDED APPROACH
The fragmented production networks and strong vertical relations among the economies rendered East Asia a highly relevant region for the analysis of trade in value added, since the multiple counting of intermediate values, and the implicit distortion of the measurement of bilateral trade based on conventional statistics, become particularly salient as the vertical sequence of a production process increases. Figure 12 compares the results of decomposing value-added origins of export among other East Asian countries. Even though it is repeatedly argued that the significant part of value added in the PRC's exports has its origin overseas, the cross-country comparison reveals that even larger shares are attributable to foreign sources in the case of the Republic of Korea. This is a rather generic observation about small open economies, with a high degree of dependency on foreign markets for both demand and supply of goods and services. 4 Note, however, that the AIOTs and the OECD's IOTs do not differentiate processing and non-processing production technologies, and hence the PRC's domestic value-added contents may be significantly overestimated. According to the recent study by the Chinese Academy of Science (Chen et al. 2012) , the share value would be reduced to 52% in 2007 if processing trade is differentiated, the level even lower than those for the Republic of Korea.
Figure 12: The Origins of Value Added in Export: Comparisons
Source: Calculated and drawn by the author, based on OECD TiVA database. Item "value added in gross exports by source country and source industry", http://stats.oecd.org/Index.aspx?DataSetCode=TIVAORIGINVA Note: ROW = rest of world; "Other Asia" includes the followings: Australia; Brunei Darussalam; Cambodia; Taipei,China; Hong Kong, China; India; Indonesia; Malaysia; New Zealand; the Philippines; Singapore; Thailand; and Viet Nam. Figure 13 shows the US trade deficits with the PRC for 2000, 2005, and 2008 , with the grey bars indicating the trade deficits measured in the traditional approach, and the black ones being the deficits measured in terms of value added; these are nation-wide deficits, not of a particular product like the one for iPhones. It is striking to see that in the value added term the trade deficit is reduced by 20% to 30% as compared to the traditional measurement. According to the WTO's estimate, the deficit would be even halved if we take into account the effect of export-processing zones in coastal areas of the PRC. Finally, indicators of trade performance, such as the revealed comparative advantage, can be also reformulated in terms of value added. Comparative advantage indicates international competitiveness in export performance of a certain commodity, but with a new index, it shows competitiveness in the international value distribution. Table 2 is calculated from a preliminary hybrid data of the OECD and IDE-JETRO's input-output tables, and compares both indices of comparative advantage for the "computer and office automation (OA) equipment" industry. There are three main findings from the study:
(1) If the traditional index and value-added index are compared, Japan does not show a significant difference, while the case of the PRC presents a big gap, especially in 1995. This is because the PRC's export of computer and OA equipment is dominated by final consumption products, and its production activities are skewed towards the final assembly stages with lower value added compensation.
(2) This gap, however, is reduced in 2005, from -56% to -33%. It seems to reflect a rapid technological catch-up of the PRC manufacturers during the decade, stepping up the value-added ladder from a mere assembler of ready-made components to a parts supplier with advanced production skills.
(3) As a result, from 1995 to 2005, the PRC enhanced its competitiveness of the industry, and in 2005 it surpassed Japan in both forms of the index. 
CONCLUDING REMARKS
Compared to the traditional method based on foreign trade statistics, which only records the physical transfer of products between immediate trading partners, the trade in value added approach measures international trade as a net flow of values, rather than a gross transfer of goods and services. Its analytical benefits, especially from a policymaking perspective, are as follows:
(i) The trade in value added approach offers a better measurement of bilateral trade in the world of increasing production sharing among countries. As shown in the chronic example of the US-PRC trade imbalances, the traditional statistics often lead to a distorted picture of international trade, due to the prevalence of multiple counting of the values per intermediate inputs as they cross national borders. This may result in misguided policies with wrong targets. The improved information on the generation and exchange of values helps to tailor appropriate schemes in the policymaking process.
(ii) Trade in value-added analysis can be a core apparatus for linking trade policies to crosscutting economic and/or social issues like job creation, poverty alleviation, and energy and environmental planning. This is because the inputoutput table, with which value-added trade is measured, is complemented by various satellite accounts, such as employment tables, energy consumption accounts, and greenhouse gas emissions matrices. The value chain is a concept that views industrial organization as a continuous process of generating value (which can be negative as in the case of environmental stress), and hence the trade in value added approach should be able to draw a comprehensive roadmap for international trade as a main driver of economic development. 
